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1.0 INTRODUCTORY SUMMARY

1.1 Purpose

In 1974, the U.S. Enviranmental Protection Agency (EPA) published o regulation
limiting the noise levels produced by trucks operated by motor carriers engaged in inter-
state commerce. A measurement methodology was included in the background considerations
for this regulation that allowed measurements of truck noise levels to be made over hard
{(i.e., concrete, asphalt, packed ditt or gravel) or soft {i.e., grass or similar absorbent
material) surfaces, with an adjustment foctor of 2 dB to be added to the latter to aceount
for the effect of ground attenuation. The Bureau of Motor Carrier Safety (BMCS) has the
task of enforcing this regulation, and has published an enforcement procedure that
includes the 2 dB adjustment factor (ser Appendix A},

The provision of the adjustment factor is predicated on simple geometry of
ground coverage and does not necessarily opply under other mare complex conditions,
Also, it appears’that d systematic stidy has nof been made of ol available data in order
te justify the numerical value of the correction factor. The purpose of this program is to

study existing data and present recommendations as to the validity of the 2 dB adjustment

factor.

1.2 Ageronch

A number of past studies on truck noise have concentrated on: procedures to

A e Bt AT T et e

coliect passby noise date; schemes for dato analysls; effects on the noise due to changes in ,:Fm,
vehicle operation; and, the ambient environment. Potential data discrepancies between }U"ﬂd‘fﬂs

—— e e LF
these studies have existed because nddirion@influencing- factors were not properly, oV

AT RO T

£

@) It was felt, therefore, that it would not ke valid to combine all available
data in one overall analysis to determine the surface correction factor, but rather to
analyze each set of data separately for only those studies which included both hard and
soft sites, This approach unfortunately eliminoted the use of several sources of data which
only dealt with hard or soft surface conditions. Additionally, sources of data were not

used where documentation was sketchy or where too few data measurements existed.

1-1
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In accordance with the criteria set forth to locate useful data, only three
studies were found, The most productive source was an extremely well-documented
investigation recently performed by the U.5. Department of Transportation, Transporta-
tion Systems Center.] The othar two studies were conducted by Wyle Laboratories — the
first for EPA and the second study based on unpublished data,2*3 Conclusiens drawn from

each of the three studies are summarized in the following section,

1.3 Overall Conclusions

The available data tend to indicate that for truck noise, 2 dB is a valid surface

correction between hard and soft conditions. Recommended values of the surface correction, |

' AH/S’ classified as "valid without additional verification® and "valid only after additional

verification are given below.

Valid without additional verification:

Ass Operational Moda of Truck

2dB ® Low Speed Acceleration, <56 km/h (<35 mph)

Valid only after additional verification: '

AH/S Operational Mode of Truck
2 di 8 High-speed Coastby, >56 km/h (>35 mph)
s Statlonary Runup .
3dB ¢  High~speed Pussby at governed engine speed, >56km/h
‘ {>35 mph)

o  High-speed Passby ot typical highway power setting,
»56km/h (=35 mph)

1-2
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Two site-selection recommendations are also presented:

1.

Recommendations for Sites with Topogrophic Deviations —

Based on conclusions drawn from the Wyle analysis of the

DOT Report, Section 325.5.{c).(5). of the BMCS enforcement
regulation should nof only require that the site be "relatively flat"
but that the ground elevation between the microphone position and

roadway deviate no more than 0,3 meters (1 ft.) relative to the

roadwoy®
Recommendations for the Definition of Hard and Soft Sites —

Based on the Wyle analysis of the DOT Report, Sectic;ns 325.5.(c).{1) ) [
and (2) of the BMCS enforcement regulation should be revised to read:

(1) Hard test site means any test site having the ground surface
covered with concrete, asphali, packed cfirt, gravel, or
similar reflective materiol for no less than two-=thirds the
distance between the microphone target point and the micro-

phone location point,

{2)  Soft test site means any test site having the ground surface 1
covered with grass, other ground cover, or similar absorptive
materlal for no less than two~thirds the distance between the

microphone target point and the microphone location paint.

Other aspects of this stu'dy worthy of note are summarized below:

A thorough analysis of the DOT data revealed an appraximate 1 4B,
raduction-in-the-noise.level for.each 0,6.meter (2 ft.)_decrease in
the.ground.elevation of_a_15.meter (50 ft.} microphone location relative

to the road.]

No obvious trend was found to indicate that the surface correction

factor was truck dependent.]

*While a correction procedure to allow for greater deviations in ground elevation
might be developed, it is nof recommended.

1-3
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Tire noise levels seemed to be influenced more by topographic

deviatiens than other sources of truck noise.

An 11°C_(20%F)-increase-in.the.ambient. temperature will cause an

approximate 1 dB decrease in the measured neise for sutomobiles
____.__.—.—k‘w___.....__._-‘.M.—r4~'—5""""'-‘

at_15-maters. (50.ft)...

For any condition which might effect the noise (surface, weather, etc.),
correction factors determined for a passby Jest are nat necessorily velid
for.a_stationary test for qytgm.obi.lcs.s

The relative-influence-of_variations_in_the_variaus.types_of hard surfaces
(asphalt, conerete, etc.) upon the noise are negligible with the

exception of tire dom!nant sources.

Additional'work is needed in the following areas:

Further verification is required to confirm to redefine the values of Bu/s
recommended in this section under the category of "'Valid only efter

additional verification.”

A comprehensive study should be conducted to investigate, in more

detail, the_effect of topographic deviations at the micrephone.logation.

Experimental verification of the proper comrection factor for surfaces
such as packed dirt or gravel with light grass covering are lacking and
should be obtained. Presently, it is recommended that measurement

sites with surfaces of this type should be avoided,

WYLE LADORATORIES
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2,0 REVIEW OF THE DEPARTMENT OF TRANSPORTATION DATA Uan‘f '5@ ”5?)0
) i
e
2.1 Introduction dﬂ

The data in this report were the product of a comprehensive effort, by the

U.S. Department of Transportation, Transportotion Systems Center (DQT/TSC) under sponsor=

_ ship of the DOT Office of Noise Abatement. The measurements were made in ond areund

Fort Wayne, Indiana during the period July 10 to July 20, 1974,

Multi-microphone muasurements were made at nine highway sites and one
standard measuring site to record the passby noise emissions from three specific multi-axle
trucks and one from transient fleet trucking (those trucks which hoppen to pass through the
measurement site under notmal operation). The three trucks — each of which had a different
nolse characteristic — were operated under three types of tightly controlled passbys to
simulate typlcal truck operations on the highway. This gave @ combination of nine
categories of truck-type classifications and operational modes. Measurements performed
for transient fleet trucking were made to record typical noise lavels of the passbys

encountered ot the nine highway sites.
The three truck types used in the controlled passby test were:

8  Vehicle IH 843 ~ Engine and exhaust ‘dominonr, lug-type rear tires.
®  Vehicle IH 866 — Fan dominant, lug-type rear tires.
o Vehicle IH 394 — Exhaust dominant, qulet rib-type rear tires,

Each of these trucks made several passbys for the three operational mades listed below.

s Acceleration — Each vehicle passby conformed te SAE-J366b, Truck
speeds were typically 32 to 48 km/h (20 to 30 mph) at the microphone

position. Extreme care was used to accelerate consistently for each test.

®  Power=hy ~ Each vehicle passby was made at approximately 88 km/h

{55 mph) and ot the maximum roted engine speed.

WYLE LABORATORILS
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n  Coastby — Each vehicle approached the measurement position af such
a speed so as to coast-by ot approximately 88 km/h' (55 mph) after the
engine power was cut at a paint 746 meters (250 ft) upstream of the
microphone centerline, The lug-lype rear tires were expected to

dominate the noise emission.

Transient fleet trucks considered for measurement were limited to those pessbys
with a 61 meter (200 ft) minimum distance between vehicies. Speeds typically recorded
were within the range of 72 to ©7 km/h (45 to 60 mph) for the more than 300 truck passbys.

Mumerous microphone ground lacations and vertical heights were used at each
sito but only pesitions which conformed with the BMCS regulation standards were analyzed
here. Therefore, only the 15 meter (50 ft) microphone-to-roadway center spacing and the
1.2 meter (4 ft) microphone heigi.\t were considered. Dato meacsured at the remaining

microphones are covered by the extensive documentation of the complete report.

Hard and soft sites are defined in the BMCS Motor Carrier Noise Emission
Standards as follows:
e  "Hard test site means any test site having ground surface covered with
concrete, asphalt, packed dirt, gravel, or similar reflective material
for more than one<half the distance between the microphane target

peinl and the microphone location point,*

o "Soft test site means ony test site having the ground surface covered with
grass, other pround cover, or similar absorptive material for one-half or

more of the distance between the microphone target point and the micro=

phone lecation point."

These definitions do not differentiate between a site that is slightly dominant in one type
of surface condition and one that is entirely composed of the same surface material, In
other words, the BMCS standards do not distinguish between a 'site consisting of 100 percent
hard surface and a site consisting of 51 percent hord and 49 percent soft surface, Ameng

the 10 sites analyzed in the DOT study, the proportion of hard to soft surface cavering

WYLE LADORATORIES
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varied from entirely hard to 32 percent hard and 6B percent soft, Combinations of
surface proportions for these sites are illustrated in Figure 2-1. A site that is predomin-
antly soft will typically have no more than 68 percent soft surface coverage due to the
hard breakdown lane and one-half the active lane encompassing a tetal of approximately
4.9 meters (16 ft). Additional data were collected at Sites 5, &, and 7 for truck acceler-
ation tests with the vehicle in Lane 2, In offect, this added 3.7 meters (12 ft} of herd

" surface to the site (the microphone was moved inward 3,7 meters to compensate for the

lane shift) and changed the Site 5 classification from soft to hard. Therefore, Site 5,

Lane 2 data woas grouped with Sites 1, 3, éand 7.

2,2 Conclusions Regarding the DOT Data

A comprehensive analysis of the data in the DOT report was conducied, and

the detalls are presented in Appendix B. Conclusions drawn from this analysis are given

in the following section.

2.2.] Summary of Recommendad Values of the Hard/Soft Correction Factor, 4 H/S

Based on analysis of the data in the DOT study, recommended values of A H/S

are:

Ay Operational Mede of Truck

2dsb & Accoleration from low speed

o High speed coastby

3 dB e High speed passby at governed engine speed
s High speed passby at typical highway power setting

The nominal 2 dB value of A H/s for aeceleration and for high speed coastby
operations was generally within half a decibel of aH/S calculated for each of the controlled
passby tests. Standard deviations within euch of these tests were very much less than A H/s?
thus implying that the mean values of A Hys Were very reliable. /Other studies,) concentrating

on transient fleet noise levels, have also shown that 2 dB is a recsondglsle €orrection for o

a7

2~3
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2 1 Shoulder  Microphone
.--a-—-.,—..a-....,.._.{..\ Position
II =1 I 100% Hard
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I 15 m (50T Sites: 1,6,7
J I 0% Soft
"T‘“{ﬁ--..,
d
InS Ao 16 1) 32% Hard
I - — Soft | 0 Sites: 2,4,5,8,
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P nim376) /] 4m 26% Soft
(13 it}

Figure 2-1.

Combinations of Hord and Soft Sites

Encountered in the DOT Study
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truck accelerating from o low speed.2'3 The agreemeny between A H/S for contralled
and transient fleet acceleration passbys indicates the two are compatible tests to

determine effects of the surface conditions. No other studies were found which investi-

gated ground surface corrections for high speed coasthy tests and, therefore, conclusions

regarding the validity of AH/S for this mode of operation were based exclusively on the

controlled passby test data in the DOT report .

The 3 db correction assigned to the high speed passbys at governed engine speed
and typical highway power settings showed fairly tight grouping of AH/S values for two of
the three trucks in the controlled passby test and for the transient fleet passbys. No
reason was given why the third truck — IH-394 — gave a distinctly different value of A H/S
than the other cases. For each of the three trucks in the power-by test, the standard
deviations of the hard and soft average noise levels were again much smaller values than
the AH/S' On the other hand, the transient fleet passby test yielded standard deviotions
of approximately 3 dB. Such a standard deviation was equivalent to typical values in
other studigrwhich observed transient fleet passhy noise and therefore, the DOT Jato could
be cunsidered a close representation of the entire national fleet. 3 The general agreement
between A H/S for controlled and transient passby tests again indicates that each are
valid procedures to calculate the surface correction factor. The choice of the value of
3 dB as a correction fuctor for the high speed possby test was made with reservation since

no other investigafion had chosen such a value for this condition,

2.2.2 Other Influences On the Noise

2.2.2,1 Sites With Uneven Ground Surface

The apparent influence of uneven greund surface vpon the noise measured at
15 meters (50 ft) in the DOT study clearly indicates that sites should be as level as
possible. Correction factors developed in Appendix B suggest a 1 d8 reduction for each
0.6 meter- (2 ft) decrease in the ground elevation (at a 15 meter microphone |ocation)
relative to the road. Extrapolation of the data in Figure B=1 was not performed in this

analysis because it was not considered to be a valid process for general situations, In

2-5
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addition, for road-to-microphone distances other than 15 meters (50 ft), noise level i ¢

variations due to topographic deviations will have a relaticnship other than that shown Idﬁ{}\’r

in Figure B=1, In other words, Figure B-1 is valid enly for the stated road-to=microphone

T

The application of correction factors to compensate for both uneven ground

distance.

surfaces as well as the composition of the surface itself (i.e., hard or soft) is not deemed

to be a technique sufficiently accurate for regulation enforcement. Introduction of more

than one correction factor can inject an unhacceptable composite error into the final result. y

abhblindinie o
mypa can thus be avoided by stipulating that the maximum allowable dﬁmﬁ\‘
Wik

in ground elevation at the roadway ond microphone sites be 0.3 meters (1 ft). Possible @ 4\

error resulting from uneven ground surfaces will thus be ellmmuted.__________,.__- E}(/Z

Ne obvious trend in the calculated values of 4 H/s WS found that indicated the [ (f- Jé j

type of truck had any influence on the surface correction factor. This conelusion was ,(Fd\ q&ﬂ'\
&1

formulated by observing that there was no consistent trend in surface correction factor Ufl

balween each of the three trucks and three operationa! modes (nina combinations). (llr \,‘

o

A comparison of data from the coastby test and the other two types of controlled

2.2,2,2 Effects of Deviations in Ground Elevation On Tire Nojse

passby test was made and a trend waos observed which indicated that tire noise is influenced
more drastically by topographic deviations than other sources of truck noise. The method
vsed to detect this trend required a comparison of the slope of each of the 18 linear
regression curves used for evaluating topagraphic deviations which are tabulated in

Tables B«1, B-2, and B-3 of Appendix B, Generally, these curves indicated o larger
slope for ground elevation differences for trucks with [ug-type rear tires when

performing the coastby test than for all other test combinations, Even the quief rib-type
tires used in the coastby test did not appear to have as great a slope in the linear regression
curves for ground elevation differences as the lug-type tires. This trand was not well

quantified hecause the sample size was too small to substantiate o well-defined correction

factor.

2-5
WYLE LABORATORIES

‘5 { .
Wl GoﬂH W f'(f:ﬂfel ‘Aﬂﬂf{’

\a‘

?



=B

=3

e
Lo

ﬁ

= B

e —— e
— i
-3

s -l

2.2,2.3 Effects of Slight Variations in the Surface Type

The DOT data indicate that changing the area of the site from 32 percent

hard surfuce to 56 percent hard surface can easily increase the maximum passby nofse level
by one decibel. This trend was observed from a limited amount of data for the acceleration
test at Sife 5 (see Table B-1 in Appendix B). At this site, measurements were taken in the

first and second lanes such that the second lane data effectively contained 3.7 meters more
(12 ft) of hard surface between the microphone and roadway. The microphone was moved
to maintain the standard 15 meter (50 ft) separation distance. These findings indicate that

oise levels recorded at sites which have slightly over one-half the microphone-to-roadway
distance consisting of a soft surface might be influenced by the near majority of the hard

\surface, and thus be unfairly required to meet the more stringent soft surface criteria.

ln summary, the DOT di;u suggest that o preferred site classification scheme
would be the following:
1. A soft site must coisist of at least two-thirds of the microphone~towroadway
distance having ground surface covered with grass, other ground cover,

or similar absorptive material (see Figuré 2-2a),

2. A hard site must consist of at [east two~thirds of the microphone-to-
roadway distence having ground surface covered with concrete, asphalt,

packed dirt, gravel, or similar reflective material (see Figure 2-2b),

3.  Sites which do not qualify under either of these definitiens should be

aliminated to reduce ambiguous application of surface correction factors.

2,2.3  Discussion of the DOT Analysis of the Data

The bulk of the DOT report consists of a comprehensive dacumentary presentu-

tion which covered all phoses of the data collection and analysis. DOT's analysis differed

from the analysis presented here In two ways. First, the DOT interpolation scheme for
correcting the noise levels measured at the 1.2, 2.4, and 3.7 mater (4, 8, and 12 ft)}
microphone heights to an equivelent 1.2 meter (4 ft) elevation above the road was based on
limited data. Signlficant differences exist between the correction factors computed by

DOT and those presented in this analysis. Second, DOT averaged together the noise levels

2-7
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of the three trucks in the controlled passby test to determine a representative noise

level for the hard surfaces and one for the soft surfaces, and then determined surface
differences. It was felt that noise levels from the different trucks should not be combined
unless a large number of trucks were used to assure a fleet-representative distribution of
data, This analysis treated the truck noise levels for the controlled passby calculations of
A H/S separately for cach of the three op.erational modes. These calculations of AH/S
eliminated the absolute noise levels of the three trucks which then made composite

averages valid for each of the three operational modes,

DOT only summarized AH/S at 15 meters (50 ft) for the power-by case. Two
classifications of soft surfaces were given, one for "predominantly soft" and the other for

"soft." Similar definitions were assigned to hard surfaces, Valves of A Hys ere defined

as:

Hard Sites 1, 7, and 6 0 dB
Predominantly Hard Site 3 ) 0dB
Predominanily Soft Siies 4, 10, and 2 2.0dD
Soft Sites Sand 8 2,5dB

——ae

DGT% values of 8., . differ by 0.5 to 1.0 B he val ! in The
P OT's values o H/S iffer by 0.5to0 1. fromfevauesoFAH/SFoundlnt €,

\present Investigation, It is also.noted that DOT &liminated Site 9 because that site

required o positive elevation correction which could not be determined by using the

DOT topographic corraction methed.
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3.0 REVIEW OF THE WYLE 1974 DATA

3.1 Introduction

Truck noise data were collected in 1974 by Wyle Laborataries.and consisted
of noise measurements for numerous trucks over both hard and soft surfaces along the

same stretch of road.3 Additional aspects of this data are listed below:

®  All measurements were performed for truck acceleration from an

initial low speed — <56km/h (<35 mph).

®  Truck driver instructions were to pass the measurement stations at the

governed engine speed; truck speeds were never greater than 48km/h
(30 mph).

8  Vohicles used in the test consisted of transient fleet trucks.

¢  Each truck passed the hard and soft sites in succession.

@ Microphones ware 15 meters (50 ft) from the center of the passby lane;

1.2 meters (4 ft) above the ground; and 46 meters {150 £t} separated
the hard and soft sites,

®  The absolute noise level at each site and the difference between noise

levels for the two sites were recorded for each truck passby.

e Three days were required to record three sets of data with 100 to 150

truck samples per day.
®  The hard surface consisted of an asphalt ground cover.
®  The soft surface consisted of dry ground with light grass cover.

0 Although these tests were performed in Califarnia, it was shvious that

some trucks were far from compliance with the state noise regulation,

o Typlcal temperatures ranged from 18°C to 32°C (65°F to 90°F) and wind

speeds were low ond considered to be of no consequence,

WYLE LADORATORIES



. & For the soft site, the ground elevation at the microphone was 30,5 em

3.2

Arithmetic averages and standard deviations for the three levels of the three days are

(2 in.) below the roadway.

(12 in.} below the roudway.

Presentation and Discussion of the Data

2,
3.

Most of the trucks were of the cab-over-engine style.

For the hard site, the ground elevation at the microphone was 5.1 cm

Noise level histograms of the hord and soft data for the three days are given
in Figure 3-1, 3-2, and 3-3. Generally the shape of the histograms indicated similar

trends of the data distributions, Three levels were recorded for each truck passby:

1. Absolute value of the maximum passby noise level ot the hard site,

truck.

piven in Table 3-1.

A W5 ,
A
/s,

and soft sites.

Noise level at the soft site,
The difference between hard and soft noise levels for each individual

Table 3-1
Summary of the Wyle~1974 Data

= the average of the "n" individual differences in the noise between hard

= the difference between the average noise level at the hard and soft sites.

™D

n = the number of passbys.
Hard Site Soft Site
Average | Standard | Average | Standard § A STD | A
Date | Njoise Level | Deviation| Noise Level | Deviation | V31| DEV| 2| n
dBA dB dBA dB di b dB
10/ 8/74 85.1 3.6 83.3 3.3 1.8 2.0 11.8 97
10/ 9/74 86.1 3.1 84.4 3.1 1.75 | 2.1 | 1.72 |150
10/10/74 86.1 3.3 84.2 3.4 1.87 | 1.2 | L.?1 [159
3-2
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The arithmetic average values of the maximum noise levels of the truck passbys
showed close qgruehcnt between the seco.nd and third days and a 1 dB deviation from the
first day. Standard deviations were typically 3.0 to 3.5 dB for all cases, which was
consistent with other studies that measured large numbers of trucks. 1.2 The spread of
the data was attributed to driver-to-driver differences, truck-to-truck noise production
differences, and an approximate 14°C (25°F) temperature variation over each day the
data were collected, The driver-ta-driver differences were apparent because some
drivers had obviously interpreted the drive-by instructions differently than others, None
of the data was subjectively eliminated because this would place a bias on the data base
and typical deviations from actual field enforcement situations would net be represented.
The large data sample for each day was taken to assure that the celculated average noise

levels were representative of the true average levels for the California truck fleet,

It Is interesting to compare values of A H/5) (the average of the individual
differences in the noise levels between hard and soft sites) and & H/S, {the difference
between the average noise fevels at the hard and soft sites), For identical sampie popula-
tions, these two values are mathematically equivalent. However, variations in the
measurement conditions over the period of the tests produce intrinsle differences in these
values. These variations consist of inherent small measurement errors as well as slight
fluctuations in ambient weather conditions over o period of time. AH/S! is, therefore, a
preferred value since each truck passby is measured af approximately the same time, thus
eliminating any errors due to changes in amblient conditions. It is worthwhile to note,
however, that the results for AH/5| and & H/5, are, for all practical purposes, equivalent.

The abovs error factors are quite small and may, in fact, be neglected. X

In practice, AH/S; is quite difficult to measure and, indeed, most studies look
only at A H/S, which is fairly easy to measure and is practically equivalent to AH/SI .

This equivalence validates the use of A M/ in previous studies.
2

Although there existed large veriations in individual A H/s values, the overall
!
results were considered to be quite good since a large sample size wos used and there was

¢lose agreement among the three days of data-taking.

3-5

WYLE LADORATORIES



{d

&

L

ed o L]

3.3 Conclusions Regurding the Wyle~1974 Data

Based on the Wyle- 1974 data, the recommended value of 4 H/s for truck

acceleration from a low speed was 1,8 dB, This value was chosen with some reservation

for the general case for two reasons. First, the ground efevation at the microphone was

30.5 em (12 in.} below the roadway at the soft site and only 5.1 ecm (2 in.) ot the hard

site. Application of the carrection factors developed through analysis of the DOT dota
indicated a 0.5 dB correction should be applied to the soft site, which would accordingly

‘_‘—‘—"—‘ﬁ‘—-—_
io equal 1,3 dB. ], The second reason for reservation in selection of the vuluaw

change A H/s
OrﬁTl}-;—WGs due to the fact thur the soft site was composed of dry ground with light grszs/

(covermg ard thus was an exampla of a condition somewhere between hard and soft- ~These

m&:e o€ construed to Imply anInteifediare correciion befween hard and soft sites,

This would be consistent with the recommended 4 H/S value of 2,0 dB at sites having the

recommended definition of "hard" or “soft."

3-7
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4.0 REVIEW OF THE WYLE/EPA REPORT
4.1 Introduction

A study was conducted for the EPA in 1973 to establish o background data base
of truck noise levels in different parts of the country under different operating conditions.,
In all, 7,449 trucks were monitored at 25 locations in speed zones of less than or greater
than 56 km/h (35 mph). All data were collected at 15 meters (50 ft) from the center of
the lane and 1.2 meters {4 ft) above the ground. No record of topographic deviations or

weather varlations at the various sites was kept.

4.2 Presentation and Discussion of the Data

The only data applicable for calculating the surface correction factor were
for trucks accelerating in speed zones less than 56 km/h (35 mph). The cumulative
distribution, plotted in Figure 4~1 on probability graph paper, deplicts the data for both
hard and soft surfaces ond indicates a standard deviation of about 4 dB assuming a normal
distribution, Cemparison of these two distribution curves clearly reveals the existence
of an approximate 2 dB difference between maximum passby levels for hard and soft sites.,
This difference was only determined for trucks accelerating at low speed. As in the

Wyle-1974 data, no correction is given for typical high-speed truck passbys.

41
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DEPARTMENT OF TRANSPORTATION BUREAU OF MOTOR CARRIER SAFETY
REGULATIONS FOR ENFORCEMUNT OF MOTOR CARRILER NOISE EMISSION STANDARDS

(Title 49, Cade of Federal Regulations Chapter 1,

art 325, 40 FR 42437, September 12, 1975,

LEffective October 15, 1975, Amended 41 FR 10227, March 10, 1976, 41 FR 28267, July 9, 19706)

Subpart A—Genars] Provislony

fied,

826.1  Beope of tho rules In this part,
3258  Emcctive dnta,

8356 Delnllang,

33257  Allowable Nolse Levols.

325.0 Measurement Tolcrunges,

Subpard B—Administrative Provivions
825,11 Jssuaner, nmendinent, and rovoshs
tloh of the Tutes wn tlds Part,

an5.13  Inspectlon and examination of motop

veldeles,

Subpart Comlpstrumentation
Scopo af the mies in this subpart,
Types ol mensurement system: which

may Lo used.

32521
825.23

81525

025,27 Usa of & windscrevn,

Subipart D—Mrauu:ement af Holse Emlssions;
Highway Oporalions

Becopr of rutes In this sathpart,

gito chnrnctnrlstlcr highwny opera=
L

Amhlonl conditions; highway opora-
tions,

Location nhd operailon of seund
level mensurement sysicnis; high-
Why Opferations,

Meagdroemoent  proeedures; highwey
operatlons,

Bubpart E—annlmemml of Holse Emissions;

Stationary Test*
Seopt of the Tuies In thils subpast,
Site charactersties: stntlonary test,

- Amibiend CONSITIORS) Aativhmey Ceal,

825,87 Location nnd operation of sound fevel

nioasurenicnt spstema;  statlonary

825,31
3a5.33

825,35
2527

az5.2a0

test,
Menayrement procedurs; statlonory
st
Bubpart F—Correction Faclors
Seopo of the rules in this subpart.

2671
825,72 Atlerophone dlstance correction face
10rs,

2578 Ground sucface correctlon fasctars.

42547 Compulallan af apen slto vequire-
menis=nonstandasd sltes,
225,90  Application af earrection factars,
Subppit Ge=-Exhaust Systorns ond Tieas

24250 Lahnaust systems,
325,03  Tlres,

Avrnonry: see, 18, 88 Stof, 1234, 1240-
1250, 49 U.8.C. 4017,

Subpart A—General Provislons
63251 Scope of the cules in this paet,

(nd The rules fn thls Part preseribe
procedures for inspeetion, survelllance,
and measuroment of motor vehicles and
mater vebicie equlpment operated by
motor cnprlers to determine whether
those vehicles and that equlmpent eon-
torin to the Iuterstate Muotor Currler
Nolse Emissfon Slandards of the Environ-
mental Pratection Apeney, 40 CFR Part
202,

(i Except as provided i paragraph
(e ol (s secdon, e rules b tkus Pact
apply to motor envrlers engagesd 1 ln-
tecstale commeree. "The tubes apply ot
nary $hne or tiuder any eoudition of hloh-
way prade, lond, aceeleralion or decelera-

,bon.

8-2.10

Enlibration of mersurenient syuloma:

(c} The rutes In Whis Purt do not apply

11> A nintor vehliele thut has o Gross
Vehicle Welght Lating (GVWIL  of
10,000 pounds (1,536 Ikyr.} or Joss:

(2) A comblnation of motor vehleles
that has & Gross Combination welht
Hotlnr (GCWR) of 10,000 pounds (4,536
ken) or less;

(1) The sound generated by o warning
device, such as 0 homn or siren. Instnlted
in o thotar yehlele, unless such dovice
Is Intentlonally sounded In order (o pre-
clude an otherwise valid noise emission
menasyrement:

(4) An emergency molor vehilele, such
as a fire englne, an ambolanee, o police
vah, of o rescue van, when It ls responcd-
intt to an emergoney call}

L(5) A snow plow in operation; or

‘(6) 'The sound genernted by auxilinry
equipment which Is normnlly onerated
only when the motor vishlele on which I
Is fnstatled Is stopped or Is operatlng ot
o sheed of 5 miles per hour (8 kply or
less, unless such deviee s Intontlonally
operated nt speeds greater than 5 mph
(8 kph) in order to precluds an othep-
wise valid nolse measurement, Examples
of that lype of auxilary equipment in-
clude, but are hot Hmited to, eranes, ns=~
phalt, spreaders, diteh diggers, Hauld or
slurry pumps, ausiliary alr compressers,
seelders, and trash comymetory,

§323.3 Lffealve dae,

The rules in this part are efMective on
October 15, 1075,

§ 325.5 Nelinitons..

(a) Statutory definltlens, Al terms
definedd In the Noisc Conttol] Act of 1972
(b, I, 92-574, 36 Siat. 1231 are used
as they are defined in that Act,

(I Definitions Livstandards, All torms
defined In § 206210 of the Inteustale
Mator Corrler Nolse Emlssion Standards,

10 CFR 202,10, nre used as tey are de-
flacd §n Wt section,

fe) Additionnl detinilions.

i1 “Ilard test site” menns any test
site having the ground surfnee covered
with eonerelo, msphall, packed  dirt,
nravel, or similar refleelive inaterial for
more than %4 the distance between the
microphene target point and {he mieto-
nhione Ineatlion point,

(b "Soft test site™ menns m:y lest site
having the pround surface covered with
nrass, olther pround cover, or simliay ab-
sorptive material for 1% or move of the
distanee betweent the microphiono iarpet
poinl and the microphinne locatlon point.

W) “Ground eover” means any of
varlous lfow, dense-prowing plunts, such
as vy, myrile, low weeds, o) hrush,

) “Traflic ralling” means any longl-
Luctinnl highway trafic barrler system
installed nlong the side or median of o
hichway, FFor the purpoase of Lhis part, o
troffle vnillng musk Bave ob least 03 par-
cent of Its vertical lielght, from the
ground surface to the top of the ralling,
open to {ree space in order to quallly as
an acceptable ohbject within a nolse
measurement test sibe, Further, for the
purposes of this pare, posts or ather dis-
crete supports shall be Ighored whien ass
certalnlng openy Iree spnee,

(5) “Relatively Nal” when used tg do-

sarice & holse measurament sile meuns a
suc which dees not contain signifiennt
conenve curvatires of slope reversals
that may result In the focusing of sound
waves townrd the mlcrophone loention
point.

§ 3257 Mlowabie nuise Jevels.

Molor vehicle nelse emlssionhs, when
wmeasured according to the rules of s
part, shall not exceed the valies speeificd
in Table 1,

TapLe L=Marinum Pernvissible Seund Level Readings [decihel (M)

Tighway opseralinnus lest

SEHlanaTY sty

I tha dlstanen telweent e mle

Ioention pointand the mlrmphouu l.m.nt Solt aila Ilard site
aink li— Softslta Maril slle
mih Aboys  Xmil Aboya
' or Jesd 35 /b GF Jegd 35 it
35 1L (10.5 sud or ere Lk fess llml'l Wi
'(r":u: i : e w I ) 8 n
Jan ]
Lt mi K3 1] ] o o 1]
43 1t (13,1
|l“ "llluﬁ 5 T e ey .o mn L} ] »7 a0
4a| PR R A
LG pa e i .:"u I ® " " 5 "
5 4] 1) “ B3 Lol
.1} ] L] L] 1] 51

'l lm syl slwwn pabef i noeasigemeliid taken ot alled baving spavd Ul (3 as Indicaled. These !|nn| Wil du

uul D]y Bavy 1 bis gk,

Ul bl by Soand uin nintor ewrtier aulso vbasbon Bequiniments speclitol g CFICERL 20wl 10 81 e,

3230 Measutiment tolerahect,

(ny Aepsuvement toleruners will he
allowed Lo tike into aecount Lhe etlects
uf the Tollowhg fastors:

(1) The consensus standnrd practice
of reponiing Detd sownd tevel measurce-
menty to the nearest whole deellel,

Capyright © 1976 by The Bureau of National Alfairs, Ing,

(2) Varlatlons resulthyy from com-
mereial Instrarent talerinees,

3} Varinkions  resulting  from the
l(ll{mm‘ulllly of e nelse weasiremenst
sk,

¢ varinilons resblting frony wimos-
phetle conditions such ns wid, unblent
temperature, and atmosplieric pressure.

[49 CFR 325.0{4)] 13
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~n (B) Vnrintlons resulting from reflected

sound from smntt otajecta allowed within

! the test site,

(6) "Fhe Interprelation of the elfeets of
tho phove clied faclors by enforcement

mspersonnel.

(h) Mensurement tolernnees shalt not

aexeeed 2 deelbels for a given measure-

ment,

~  Subpart B—Administrative Provislona

§325.11  Issunnce, nmendement, ant reve
ecntion of the pules fn this part,

The procedures specifled In Part 389

~0f this Chaptler for the ssunnce, amend=

v
Pa

ment, or revocation of the Iederal Motor
Cartler Salely Nepulnlions apply Lo rile=
making proceedings for the issuance,
amendinent, or revoentlon of the niles

=il this part,

Ll

§ 32513 Inepeetion and exsmination of
mutor vehicles,

() Any speelnl agent of the Federn)

ralliphwny Adminlstration (deslgnaled in
I CAbbendix B to Subchnpter B of this

v 1Chapier)

"y

]

Ly
h
e

{2

& ]
I

DU

Lt [ :

Is nuthorized Lo inspeet,
examine, and test o motor vehicle
upnamied by 0 etor carelr i ceeord-
nnee with the mrocedures spocifled In Uals

Part for the purpose of ascertalning

whether the motor vehicle and equip-
ment installed on te motor vehiele cons
forms to the Intersiate Motor Cnrrler
Nolse Emission Standards of the Envie
rontmental Frotection Agency, 10 CFR
Park 203, .

{B) A molor carrler, s affcers,
drlvers, agents, nnd employees must, st
any bime, sitbinil o mctsr vohiple uged
in its operations for Inspection, examinn-~
on, and testing for the purpose of as-
certaining whether the moter vehicle nid
equipment installed on I conforms to the
Interstate Motor Carrier Nolse Emission

2 Standards of the Environmental Protce-

tish Apency, 40 CFR Part 209,

{cy Prescribed  Inspeciion  Report,
Farm MCH-03, Drlver-Equipment Com-
pliance Check shall be used to recard
findings from motor velileles selected for
nolsa emission Inspection by authorized
employces,

)y Motor Carrfer's Disposition of
Fortn MOS8 63, (1) The driver of any
motor vehicle recelving o FFarm MCS 63
shall dellver such MCS 63 to the mator
earrier operaling the vehicle upan lis ar-
rival ot the next terminal or facility of
thie motor earrler, 1 such arrival ocenrs
within twenty-four (24) hours, I the
drlver does not arrive ot o terminal or
Inetlity of the motor eartier operating
the vehicle within tweniy-four (24)
houra he shnall wuncdiately will the
Fortn MCS 63 1o the motop earrict, 1or
opetating convenience, motor carviers
may designale any shop, terminal, a-

, elliLly, or person to which It may [nstruct
its drlvers to dellver or forward Form
MCS 63, 1t shall be the sole responsiblilty
of the moetor carrier (hat Form MCS 63
12 roturncd to the 1"edernd Highway Ade
mintstrutlon, o aceorinnee with the
ternws peseribed thercon and in sube-
parngtaplis 123 and (3) of Wiy prrn=
grnpit, A deiver, if himsel! nomotor cars
rer, shall teturn Forig MCS @3 (o the
Fedeynl Mighway Administration, in ne-
cortinnco  wilhh Lhe terms sireseribed

thercon and g, subparsgenphs () and
G} ol Lthis paengragph,

{2, Motor enrrlers shall-earefully ex-
wnine Forms MCS 63, Abpbroprlate tor-
reclive motloneshnll be tnken on voilcles
found to be tiot in complitnce with the
renqulrements of this Pard,

{3) Motor enerlers shall comptete the
“Woter Crivier Certiivation of Acllon
Taken™ on lFoym MCS-63 In necordunce
with the terms preseribed Lhereon, Mator
carriers shall relurn Forms MOG-63 to
tho Ddreclor, Replonal Molor Cureler
Bnfely Ollice of the Durenu of Motor
Carrier Salcty, Federnl Highway Ad-
ministratlon, at the nddress indiented
Upon Form MCS-63 withk fifteen (16)
days follawlng: the dute of the vehicle
lnspection.,

lJZS.IJ(L‘). ), added at 41 FIX 10226, Muarch
0, 1976}

Subport C—Instrumentation

§ 325,21 Scope of the rules in this subs
part.

The rufes in this subpart speelfy cri-
teria for sound Jlevel mensurement sys-
tems whien ary used to mike dhe souid
level measurements speelficd in Subpoars
D and Subpart B of this part,

§325.23 Trpe of mcnsurement sysiems
which niny be usad,

The sound level mensurement system
must meet or exceed the requirements of
American Notlonal Standard Specifiea-
tion for Sound Level Meters (ANSI 51.4-
1270, approved April 27, 1971, issued by
i Amerleon Naollonal Standards Lit-
stitute,! throughout the applicable fre-
fluency ranpge for either;

{(n? A Type 1 sound leve) meter;

(b) A Type 2 sound level meter; or

{c) A Type § sound level meter wilch
N

(1) A-welghting {requency response;

(2) Fast dynamie eharvacteristles of {1s
indienting Instrument; and

t3) A relatlve response Jevel bolurance
tonsislenl with these of elther o Typo 1
oy 'Typo 2 sound Ievel meter, s specifled
in Seetiot 3.3 of ANSI 55,4-1971,

§325.25 Calibration  of  mcasurement

* s¥Slemd,

(a){1) The sound level mcasurement
system must be callbrated and appro-
printely adjusted at one or maore fre-
auencies Iy the range from 250 to 1,000
Hz ot the beginning of cael serles of
measurenents antd ab fnteryals of §-15
timuttes thereafter, until it has heen dee
termined that the seund level mensures
ment sysien his not sipnileantly dytfted
{rom ita enllbrated level. Onee Lhis fact
hns been established, cnlibrations mny
be nuule at intervals onre every hour, A
slimitieant drift shadll be considersd to
have oceurred I n 0.1 13 o tnore excir-
sion fs noted from the syslemy's prede-
terminedd roference ealibention Jevel, In

[ R AR—
L Coples of the apeciNenting inay ba recired

fro Uy Anwertean Bnblonul Standards Ia.

r;;uul.o. £430 Tirendway, Hew Yoik, Now Yok,
01,

Noisa Reguiation Reporier

tho enso of systems using dispiays with

. whoie declbel fncrements, the aperalor

neny visunlly Judpe when the 0.9 dI3S drlfe

.l been met or exorecded

10, 1970]

(2) The sound level mepsurement fys-
tean must be eheeked derdodlenlly by its
mnnufpeturer, n represenbndive of its
manufpeturer, or i person of enuivelent
speeclal compiclence Lo verily that I ne-
curacy meoly the munmtncturer's dedlisn
eriterli,

th) An neoustlenl enlibrator of the
nterophone coupler Ly pe desipued for the
round level measurciment syastem v usc
shiall be used 10 enlibrate the sound level
measurement system In aceardanee with
parapraply (0} of this sectlon. 'fhe enli-
bration must meet or exceedd the necuricy
requirements specilled ly §5.4.1 of Lhe
Amerienn Notlonal Stancurd Tastilute
Standnrd AMethads for Measurements nf
‘Sound Pressure Levels, (ANSL S@I13-
1971) for field method messurements,

325,25(1y) amended at 41 FR 10227, March
1976)

1

[32E2SCb 0} armepdent at 41 FIE 10227, March

§ 3Z5.27 Windscreenn.

A properly installed windsereen, of the
typo recommended by the mantufactiirer
of the Seund Level Measurement System,
shall be used during the time that nelse
emkssion measurenients are being taken,

Subpart B—DMeasurement of Nols.u
Emizsions Hiphway Operations

§32531  Scope of the rules In (his sub-
patk

‘The rules in this subpart specily con-
ditions and procoedures for measurement
of the sound level generated by n motor
vehicla engaped in o highway operatlon
for the purpose of nscerlaining whether
the motor vehicle conforms 1o Lhe Stand-
ards for Hichway Operatlons sct forth in
410 CTTR 202.20,

§325.33  Site charncteristicsr higliway
aperatinus,

(a) Mensurcment shall be inade at a
test sile which s adjncent to, and In-
cludes & portlon of, & travcled lane of
public highway, A micranhune target
peint sinll be established on the contera
Hue of the traveled lnne of the higluway,
and o microphone leeation point slinll
he established on e growd surfaee not
Inss than 35 feet (10,7 1) or more thun
U3 feel (20,3 m) from the microphona
target poind nod on a line Lhal is perpen-
dicular Lo the centerline of the trayelnd
lane of the hinhway and thal pasres
thrgugh the microphone target point, In
Lthe ense of a standard tent slte, the
mierephone loention pelnt Is 60 feel (15,8
m} from the microphone larget point,
Within Lhe tesk sile Is o drlanpubar mcns-
urement aren, A plan view dnpun of o
standard test site, having an apein site
within n 50-foot ¢16.2 m) radlus of botly
tho mlerophione target polnl and the
mierophion loeatinn polnd, i shewn
Fliure 1, Measurcments may be made at
& test slle having smaller or preater dis

[49 CFIt 325.33(a}] 14
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menslons in necordnnee with the tules In
Bubpart P ol thiy I'art,

MICTOPIEONE
TARGET POINT

w L )

CENTERtINE OF

THE HAVEILLD
(AHEIF

13 HGIwAY

MLASUREMENT

MEA -~

AERAPHONE
OCATION POINT
Foun ¥
STARQARD TE5T SITE;
BIGHWAY OFERATIONS

(h) ‘The test site must be an open slte,
ssentinkly free of Inrge sound-reflecting
objects. ITowever, tho followlng ebjects
mny be within the test site, including the
irinpgular measuranent pren:

(1) Emnall cylindrical objects such fs
firo hydrants or telephone or utillty
Piea,

(1) Rurnl maflboxes,

(8} Traite ralings of any type of con-
strucllon except solid concrete harriers
{oeo § 325.60e) (4)),

{1} One or more curbs having a yer-
Lical helght of 1 fobt (.3 m) or less,

(o) Mo following cbjects may be
within the {est site.if they nro outside of
“1 trianguinr mensurement &mep of the
viter

() Any yertleal surfnec (such as bills
board), regardless of slze, having a lower
edge more than 15 feet (4,6 m) higher
than the surfnco of the traveled lane of
ihe highway,

(3) Any, uniformly smooth stoping
surface slanting away from tha highway
(such ns & rise in grade nlongslde the
Ighway) with a slope that Is less than
40 degrees nbove the horlioninl,

{9) Any surfnee slanting away from
the highway that is 45 derrecs or more
and not more than £0 decrees above the
hotlzontal, If all peints on the surfaco
arg inore than 15 feet (4.0 m) above the
stitface of the traveled Jane of the
highway,

) ‘The surfnce of the gyound within
the measurement nren must be refntively
flnt (sce § 325.6(e) (5)), The site shnll be
f “soft! test site. However, I thoe site is
determined to be “hnrd,” the correclion
foctor speclfied In § 325.75¢(a) of this parg
shaill be appllcd to the measurement,

{¢) Tho travelcd Iane of Lhe hinhway
within the lest slte munst be diy, paved
with relatively smooth conerete or ns-
phntt, and stistantially free of—

(1) Ioles or other defects which
would enuse a motor vehicle to emit le-
rerulnr Ure, body, or chassls fmpaet
noise; nnd

(2) Loase tnnterial, such a8 gravel or
annd,

i The u-twlrd tane of the hilglwvay
on which the michepione tirped polnt ts
situated misst nod pass thouph o Limnel
or underpass hoeated withiby 200 feel (61
m) ol thot joins,

6 225,35 Ambicot conditiunng highway
wperalinm.

iy (1) Sound, The ambient A-
welnhied snnnd Ievel ot the mierophone
loertion pofob shadl be mewsured, i the
nhisence of molor vehlele nolse cmnnating
froin within.the clear sune, with fast
metcr respanse using o sound evel mens-
urement system that conforma lo the
rulen ot § 32520 of this Part,

(2} The mensured amblent lovel mnst
be 10 (A or more hefuw thnt level
speclfled in & 325,72, I'nble 1, which corve-
spontls to the maximum  permissible
sound level reading whieh s anplienble
ot the test slte nt the timg of Lesting,
5325.35(:0(2) admenided gt 41 TR 28367, July

) {]

(hy Wind, Tho wind veloclly ab e
test shalt e measnred ot the beginning
of vach sovies of noise mensurements el
nt Intervals of 5-15 minutes therealter
unlll it hns been established that the
wind veloeity is cssentially constant,
Oncee Lhis fict has been establishied, wind
velocily mensurements may be made ot
Inlervals of onee every hour, Noise menss
urements may only be made if the ncns-
ured wind velocity is 12 mph (18,3 kpl
or Jess, Gust wind measureients of np
to 20 mph (33.2 kph) are aliowed.

{¢) Precipitation, Measurements are
probibited under nhy condition of pre-
etpitation, however, measuicnatits may
be mnde wilhh snocw on the ground, T'he
pround sirfnce within the mensdrement
aren must be free of standing water,

§ 325.37 Locewtion aud operation of
sotnd  level sueasurcmient  syelensi
kigliwny aperations,

(r) The micrephone of & sound tevel
measirentent sysiem that conforms to
the rules In § 325,21 of this Part shall Do
locnted at o helght of not less than 2
Icet (.0 m) nor tore than © feet (1,0 M)
nbove the plene of the rotdway surinee
and not Jess than 316 feet (1.1 m) nbove
the surfnce on wiich the mierophone
stands. ‘The preferred mierophone helpht
on find tereain ts 4 feab (L% ml,

[325.3700 amended at 4t FR 10227, March

10, 1976]

{b} (1) When the sounsd level imeasuye-
ment system Is linand-held or Is otherwlso
monitared by » person loeated near its
microphone, the holder must erient hlm=
self relative o the binhway in a manner
consistent with the recommendation of
tho . manafacturce of the sound level

measurenent system,
12) 10 no cpse stiall the helder or ob-

server be closcr tiah 2 fect ¢.8 m) fron?
the syslen's mlcrophunc. nor shiall he lo-
ente hinwncll between the microphono
and tho vehicle beloyr measured,

{¢) The milcrophone of the soundd lovel
meastirement system shatl be orionted
townrd tho bavoled fne of the hinliway
at the micronphone tarpget point ok an
anple that s consistent with the serome=
nmeadaldon of the syslem's manufactirer,
If the manufacturer of the system does
not recommetid an anrle of orfentatlon
for It microphone, the micrephone sind
be orlenled toward the hinhway at pn
nryzle of notb tess than 70 deprves and hot
more than perpendicutar Lo the hortzon-
tal plang of the traveled dane of Lhe higgh-
Wiy M the microphohe target point.

Copyright © 1974 hy The Burcuw of Metional Alluirs, (ne.

) The sound leyvel measiurement tivia
tem shnll be seb lo the Aswelgliting nets
work and “fnst” meler response modle,

325,39 Mensurement pracednree; high-
wity diperntions,

{n) In neerrdunce with e rules In
this subpart, & mematrement shall be
made of Lhe seund level pene raleil by n
matar  vehicle operatings  throngh the
mewsurement area on the traveled lane
of ithe highwny withln the test site,
repardless of tho Lhiphway grade, load,
necelerntion or decelrration.

thy “Ihe sound fevel penerated by the
motlor vehicle 1§ the highest reading ob-
served ah the sound level measureinent
system as the vehlele passes through the
measurement nren, carrecicd, when ap-
propriate, in peeocdanee with the rules
Y Subpart ool thlg art, ¢Tabie 1 in
#3350 lists the range of maximum per.
missihle sotnd level readings for voarlous
teat conditions.) The sound level of the
vehicle belng mensured must be ohaerved
1o rise at least 6 o3 (AY before the maxi-
mumn soutid level oceurs and Lo fall at
Jeist 6 dB(A) afler the maximum round
level occurs in order tn be ronsidered a
valld sound level reading,

Subpart E=!feasuremont of Noise
Emlssions Stationary Test

§ 325,51  Suope of the rules iu 1his suls

Lhark,

. (a) The mles in this subparl speclfy,
conditions niil procedures for measuring
the sound level generated by o vehicle
wlten the velidela's engine is raphily ne-
ealerated Leom idle v puverued speed ot
wide open throttle with the vehicle sta-
Uanmry, lis transmisdon in neutrpl, aned
its clutehy ennmazed, for the purpose of
ascertalning svhether the motor vehicle
cotforms to the Standard for Operation
Undcr Stationary ‘t'est, 40 CPR ”0-...

() Tho rules In this subyrars npmy
only to o metor vehlele that s equpped
with an engine speed governor.

te) Tests conclucted in pogordance
with the vules of lhix subpart may be
munde on either site of the vehicle,

§ 325,53  Site characterisics; statfonary
lesty

{n} (1) Theanotor vehicle to be tested
shall he parked ot the Lest slte, A micro-
phone target point shall be established
on the ground surface of the site an tho
centerline of the ane i which the motor
vehicle In parked nt n poine that s
wilthin 3 feet (.9 m) of the longitudinal
nasition of the vohlele's extiust system
outletisy, A microphone lucntion poiut
shiell be esinllished an the rovud sur-
fuce not less thap 35 fert (107 uy) and
not moza thun 84 reet (253 mo from tho
micropliano tiavpet palnt, Wilhin the fost
sile i oo Lrbmpulne measurenientd aees.
A plan view dligiean of o staedavdatest
slte, having an open site within x SQ-
foot (15.2 it radits of helth the miero-
Phane tarpel polnt and the microphone
lucition puint, i shown in Mgure 8

[A2S 50 ) amended at 4 10 10227, :
bl isve) v 1 March

(3 Measttrements may be made nt a
test site howvion sminller or prenter di-

{49 SF i 3255200171 15
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P
nenslons In neeardance with the rules In
| sjybpart F of this Bart,

CUMBINATION

PICRUIILNE
TAIGET PIINT

Ak

L04ETUnIAL,
LT, n.wr.uI
1

CIHTERIING
OF THE VLMIELT

SO FY, 15 24}
RADILS

™1 mcenriong
, i LOCATION POIRE

. Fiqure 2
e STANDARD TLST SITE;

' STATIONARY TEST

"B The test site must be an open site,
essentinlly free of Inrge sound-reflecting
objects. However, the following objects
mammny e within the test site, including the
. itrianpular measurement aren:

i 1) Bmall eylindrienl obicels such as
fire hyitrants or telepbone or utiilty poles,
{2) Rurnl mailboscs,
van  (3) Trufle railings of uny typu of con-
o -gtritetlon exeept solld concreta barrlers
t-8 (gee § 925.6(ed (4)).
(4) One or ore curbs having a height
of 1 foot {.3 m) orless,
¢ (e} The following objects may be
. withist the test site If they aro ouiside
'S of the triangular measurement aren of
theslie: -
(1) Any vertlen) surface, regardless of
¥ sz (such ns o billboardd, haying & lnwer:
i adep more than 15 fest (3.6 1D abdve the
ground,
(1) Any unifortaly smooth surfaco

slanting oway from the vehicle with o
13 stope ihint s less Lhan 45 degrees above
| 4 the horizontal.

- (1) Any surface slanting awny from

the vehicle that is 45 degrees or moroe s
.9 Dot mate than 80 degrees above tho
f : horlzantal, If a)} points on the surface are
toe TOFE thin 16 feet (4.6 m} nbove Lhe sur-

face of the ground in the test site.

() The surface of the groumd within
the measurement area must be relatively
fint. (Sec §3725.5(c)(5))..The site shall
bo o “hard" site, lowever, If the site (s
determined to be "soft,” the correctlon
factor spedified In §38575¢0) of this
Part shall ke appiled Lo the meastivement,
§325.55 Amblient cowlitions) station

ary dosh,

() (1) Sonad. The amblent A-welhed
sound level at the microphione Jocation
point shall be mensured, In the nbsence
of twotar vehifele tolse cminnting from
within e clear zone, with fast meter
respopse using nosound level measure-
ment syslem et eonforms to Lhe rules
of § 325,23 of this part,

33 The measured aanbient level must
bo 10 (A} or more below that level
speelied 1 § U617, Table 1, which corre-
e apolls  to the  maxluum pirtnissible
.1 sound level resshion whileh s applleable at
. the tosl site ab the time of testing,

325,55 amtended ot 51 FITO22T, Marel 10,

’ 976, and 41 K1t 28267, Jnly 9, 19761

P () Wid, The wind veloclly at the
© 0 test site shall be measated ab the bes
= pining of each series of nobse measiie-
Tesits and at iniervala of 5-15 minutes
therenfter wnidd It hns been patnblahed
thnt the whul velecly 14 estientinlly cons
_: gianl, Onco this fuct hns been catabtished,

L
-y

~ 0

{

—

£

“windd  veloclty measrements  may  be

made nl fntcrvals of once every hotr,
Nolie measurements oy only he nanile
it the peastived wing velaehly 8 12 mph
(10,0 kph) or less, Guil wht measure-
ments of up Lo 20 mph (332 EMY are
allnwed,

te) Precipliation, Menstirements e
probiibited under any conditons of nre-
cipitation, however, ensurementa may
Be made with snow on the ground, Tho
ground within the mensuranet aren
must be free of standing water,

aperalinn of

§325.57 Tormtion  and
systenn

!ll“lllll ll'\‘l'] Illl'th!ll'I:H'll.'lN
stationary tests
() The microphone of n sound level

menstrement system that conforms o
the rules in § 225,20 of this Part shnall
be tocwled 2 o helght of not Jess than
% fect (6 m) oy more thay 6 fect (1.0 m)
above the plane of e roadway surlaco
and not Jess than 334 fect (1,1 m) nbove
the surfnce on wiiteh the mierophone
stands, The preferred microphone helght
on {int terrain Is 4 feet (1.2 m).
[325.5 76 mended at 41 FR 10227, March 10,
1976])

{h) Swhen the sound lovel meaaure-
ment system is hand-held or otherwise
monitored by n person leented near its
mlerophione, the holder must orient him-
gelf relative to the highway i o manner
conslstent with the recommendation of
the manufneturer of the sound level
measurement system. In no case shall
tho. holder or observer be closer than 2
feet (8 m) from the seelemts mi2ro-
phone, hor shall e iocule himsell be-
tween the micrephane nnd the vehicle
being measured,

te) The microphone of the sound Jevel
mensurement system shall be oriented
townrd the vehicle nt nn anple that fs
consistent with the recommentdation of
the syslem’s manufaeturer, If the manu-
facturer of the aystem does-not récoms=
mend an angle of orlentation for lla
microphone, the microphone shall ha
ortented at an angle of not less than 70
depreas and not more than perpendicular
to the horizontal plane of the test site
at the mierophone target point,

(Y Tho sound level measurement sys-
tem shall be set te the A-welghting npet-
work amd “fast" mcler responso mode.

§ 326.59  Measureneat procedure;  sli-
tionary lest,

I aceordance with the rules in this
subpart, o measurement shall be made of
the sondd Jevel generaled by a stutionnry
motor vehicle as Tolluws:

(a3 Purk thie motor vehicle on the test
site ns epecified in § 365,53 of Lhis sub-
mart. If {he motor vehicle s a combinn-
tion (ardfeulatedy vehiele, park the coul-
hinatlon so that the longituding) eenter-
Unes of the towine vehicle and the towed
vehlele or velticles nre In substuontinl
alijunent.

i Tarn off alt auxiliary eqspiment
whielt is fnstaled on the motey vehicle
and which 35 desipned o operte uniler
normad conditlons onfy when the veblele
is npernling ot a speed of 5 mph (8 kpl
or bess, Bxnmples of unch equipment fi-
cludle eranes, asplialt sprenders, llguld or
shurey puups, nuxillacy ale conuleisurs,
wehlers, pnd Lrash comjmetors,

Noise Regulalion [teparter

te) It e motor vehicle's ensline radi-
ator fan drive fa equipped with o cluteh
or shmilar deviee  that  awtomntlenly
either veduees the rotational speed of Lhe
fan e completely disensares the fan
fram its power sonree I reaponse 1o res
dueed engine epoling nads, park the ves
hicle before Lestlns with Ha eneioe run-
ning at high kila or any othuer speed Lhe
operntor mny choose, for sultlefent Limo
bt nob more than 10 minutes, Lo permib
the englne radlalor fan W awtematlendly
dlsengagzo when the veblele's noleo cinla-
slona are measured under stationary test.

(1) With the motor vehlelo’s trans-
misslon I neutel and Us elulch en-
guged, rapidly aceelerate the vehiele's
cnglne from klle to {ls maximum gov-
eried speed with wide open thvottla, Re-
turn the englne's shecd Lo dle.

{2) Observa Lhe maximaial teading on
the soumt! level measurement syoien
during the time the procedures speelfied
in paraaraph (d) of Wik secllon ave fol-
lowed. Record that reading, If the read-
ing has nat beon influenced hy extane-
ous nolsa sourees such g motor velleRs . -

'uperaung on ndjacent raadwaa,

() Repent the procedures specified In
parzpgraphs D wid (@) o this sccilan
until the first two maslmum sound level
veadings that are within 2d48(A) of cach
other are recorded, Numerically averugo
these two maximum sound levet read-
ings, When appraprinte, correct the nv-
crage figure in accordance with the
rules In Subparl F of his pard.

ig) Tho average fipure, correeled as
anpropricie, contalned i secordancs
with paragraph (fr of Lbis section, is
the sound Jevel generated by Lhie motor
vehicle for the purpese of determiing
whether it conforms to the Standerd for
Operntion Under Statlonrry ‘Pest, 40
CFR 202,21, (Table 1 in §225.9 Hsls the
range of maximum permissible sound
level readings for vavieus lest condls
tions.)

Subpart F—Correction Factors

§325,71 Seoge of the rules in this sub-
purk

ta} The riles in this subpart speclfy
correetlon Inetors which are added Lo,
or subtimeled from, the reading of the
saind level generntedd by nomaotor vehiele,
as disployed on o sound level measure-
ment systeny, during the measurement of
the motor vehiele's saund level cimissions
ab a test site whiel u nod n standavd
stte,

(I Tho purpose of adding or sube
trneting a corvcetion {nelor is fo eouate
the sound level reading acluadly gener-
aed by e molor yehlcln to tio sound
level reading it wonld liawe gencratec If
the mepsurement had been made at &
standanl lest site,

542571 Microphione distnsiee vorrrelion
Faviorn,

It the distance belween the micra-

phone Jocntion point il the ndero-

[49 CFit 326.73] 1G
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phone tnrget polnt Is other than 50 feet
{15.2 m), the mnximiun abserved scumd
Yevel reading pencrled by the metor
velielo I necordnnce with § 305,00 of
this partor the numerical averprd of the
yecorded puaxlmuny aikorved sound -levet
rending generaled by Hie molor vehilcle
in necordanee with §NAAED of Whis pard
shnll be corvected ny shuecified In the rol-
lowing tubles
TAlLE 2~DUTANCE (DRNNGTION PACTORS

I tho diztenes hee
tweon tho micros
phans  lecation
point wnd tho
mieropliohe nrput
Jroint 133

6 feot (107 m) or
more but less than

The vahue (RI{AY to'
be applied to the
obscried  round
ievel reading fa—

80 feot {11.0 mY.. -~
30 fect (110 m) or

more but leas than

43 feet (191 mY.. ]

43 feet (131 m) or

more bubless than .

40 Teet (146 m).n -1
40 fcet (14.6 m} or

ore but less than

BB feot (127 M).. s}
&40 feet (107 m) er

more but lean than

70 feet (214 m) . -1
0 feet (218 m) o

moreo but leasy than '

03 foot (308 m).. +3

§ 325.75  Ground surfuce correction facs
1ora, )
- {a} Highway operations, When menss
urements are made {n accordnnce with
the rudes In Subpart D of thls part npon
n test slle which fs “hard,” a correction
factor of 2 dB(A) shall he subtraeled
from  tha mshnim  abhsarved  round
level reading gencrnied by wnie olor
vehiele to detertnine whather the motor
vehicle conforms to the Standards for
Mighway Operations, 46 CFRR 203.20.
(h) Stationavy Test. When mcasure-
ments are made In accordance with the
rules in Bubpart B of this part upen o
tesk site whteh ds "saft,” n correetion
tnctor of 2 dB(A) shall e ndded to the
numerical averntc of the yecotded inaxi-
mum observed round level reacdings gen-
cratad by the motoy velidele to deterimine
whether the motor vebicle conforms to
the Standard for Operalion Under Stn-
tlonnry ‘I'est, 0 CEF1t 202,21,

§ 325,77 Cowpmation of open »ite oo
fulresneitsmetigielinelazl ol

(n} If the distance between the miero-
nhone lopation peint and the micro-
phone inrget point is other than 50 fecl
¢16.2 m, the test site nust be an open
site within a radivs from both noints
which Is equal to the dlstance between
the mierophone lowntion polat and the
micraphone tniget point.

——

rable 1, In § 3209 s tabuintion of the
maxitaum sllowable sl Jevel rendlins
taking Into account bath the distance core
realion fuctors cvttiaiinsd 13 § 92073 and the
grownd surfues vetreetlan fagtons conlatned
3§ 325,75,

3.29:7G

(b} Plun view dlegrama of nonstand.-
ard test slles nre shown In Mgnres 3 nnd
4, Plpure 3 Nlasteates o test sie which [n
larger than o standurd test slle and s
ased upoh o Gi0-fuot (103 M) dislinee
helwern the mileraphone loeadton pnint
and the microphone Larget polnt, (See
B 2R T LD Toran exnmple bf Lhe np-
plieatlan of the covrentlon faetor n a
sound tevel rending obtidned nt such a
kile,) Fipure 4 Dldstrates o Lest sile
which 15 smnller thna o standurd test

“slte and 15 Lased upen A Ah-fant 1107
m) distnpee between the anleropiione
Joeation polnt ane the microphone Lors
rieb polnt, (See § 925,700 12 o ah ox-
amplo of he appliceilen of the corree-
tlon fncior to n osound Jevel veading
nbtained al such a site.}

_!.'.JI:RDPIIONE
TARGLT POINT
GO Y, (18,30}
RADIGS CENTERLINE OF
— ”,ﬂ\” i L IRAYILLD
[AKE
Bﬂl . 'qu,:m THE HIGWAY

MEASURIMENT,
A

Il

AN
60 FT, (18310
RADUS

’

MICRAMIEKE
LOCATRN FOINT

Figure 3
NON -STAKDARD TEST SITE,
A0 FT 1183 BISTANCE BUWITEH
MICROPHONE LOCATION AND TARGET POINTS]

LOVRINATION
YEHICIE

. MCAOPHONE
5FL. rlns.‘rh!l 270 TARCEY ol

Y 1ousiunia
Ul EHTEALINE
F THE VENCLE

BAICROFHONE
LOCATIGH POIRE

Fiqure 4
HOK-STARDARD TEST SITE:
[35 ELU0.7M) DISTANCE DETVIIIN
HRICHOMIONE LOCATION ARD TARGET TOINTS)

§ 32579  Applieation of corveetion fres

ors,

tny IE Lwo correellon faclors apply to
n measurement thcy are applied cumula-
tively. d

{by T'he following examples [Nustrale
the applicalion of correclion [aclors to
sound lovel measurement readings:

1y Doample I—IHphwer operations.
Asstmn Lk oo melor vehlele generates o
maxhimin observed soul tevel reacding of
86 dBMAY during a mensurement in ac-
corilanice with the rules Ih Subpart 1y of
this 1Pnpt, Assnne also that the distouee
bedwoeen the mterophone lucition point
and e mterophose tarpet point s o0
foel (10,3 ) and that the measurenent

LCopyright & 1976 by The Bureau of National Allairs, Inc,

aren of the test site s acoustienalty
“hard The corrected sound levet glens
crnteet by the metor yohlein wonlil e
BhodlbtAr, caleulnted ny Iidlows:
thninha) VYineorrecled readking

1 dlfAL Datnnes gwrrectlon fattor

~d dlilA)  Oreund surfiace correction factor

U5 1Ay Corrected rending

(2 Rrample 2—8intionary test, As=
sume  Lhib o moetar vehlele pencriked
maxunesi gound level retding: whilels ny-
erage 88 dBCAY durling o meastirement il
accordance with tho rules In Snbart B
of thls JPuet, Asswne also Lhat tho dls-
tence helween the inleraphono lociliun
poind and e micrephione tarrel point I
35 feet Q10T iy, andd Lhat the measire-
ment aren of the lest slte Jg acoustically
“soft,” The corvested sound level gene
erited by the motor vehlele wonld be 87
dlb(A), caleulated ns fellaws:

8B an(AY Uncorrected nvernge T renclings
—3 dB{A}  Istance correctinn factor
42 A jA)  CGround surface correctlon Inctor

87 aB(A) Corrccled rendlng

Subpart G—Exhaust Systems and Tires
£ 325091 Exluarst aystems,

A molor vehilele does not conform to
the vieuc) exi:ntst system [napeetion res
quirements, 40 CFIZ 20322, of 1o Ins
terstate Mot e Carrler Nolse Emisslon
Standards, I inspection of the exhaust
system of tho motor vehilcle diseloses that
the system-—

tn) Ias a defect which adverscly nf-
feets sound reduculen, suclt ns exhaust
gns Jenks or atterntion or deierloration
of mulier clomeits, (GInnd traces of £00T
on flexibls exhoust Dlpe scctlons shall
not constituto a vielatlon of his sube
part) ;

{b) Ts not equinped with eithier a muf-
fler or other talse dissipative device, siich
ns a turbecharger (supercharger drlven
by exhaust gases!; or

(e) Is equipped with a cut-out, by-pass,
or similar deviee, wnless such deviee s
desipned as an exhagat gas driven cargo
unlonding syuten,

§ 325,03  Tires,

) Bixeept as provided In paragraph
th) of this section, o motor vehivle dovg
not cotforin to the visual Hre itspection
requircments, 40 Crr 02,21, of the tn-
terstate Molor Capvier Nolse Xanissions
Standards, I lhspestlon of any e on
which the vehicle is operating dixeloses
ihat the tire lias o tread patters com-
pased primarily of cavitles iy the tread
texchusding slpws and loent ehanliling
which are nob vented by grooves to the
tve sheulder or elrewmlerentially Lo vach
other avound the tire,

I Daragrapl (a) of L seelion daes
pot npply te a molor veldely operiied
on a tive boving o tread patkern of the
type specliledd In thind pavageaph, I ey
molor earrler who operates (he iata
vehlele demonsteates Lo tha salisfiwtlon

[49 CFR 325.93(0)) 10
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REFERENCE FILE

of the Director of thn Durcat of Molor
Carrler Bnfety or his deslgnee Lhat
clidier— .

(1) The Ure did not have Uit Lype of
tread paitern when W owna origionlly
mnanufactured or newly remanufactured;
or .

() 9me molor velielo penerates o
moximum sound level rending of 90

dNCAY or tess when mensured nt nostand-
nrd test slle for blghywny operatiohs nt
o dislance of 50 feek (15,3 m) and under
the fullowlng condlllons:

() The measurement must e mnrle
nb n time and place nd under condilons
sheelfled by the irector or his deshines.

1 The molor velilele must bo opurs
nled on tho same thres thot were installed

Moiae erguhlllo_n Reprorter

on it whon the Inspection speelfied in
paragraplh () of Lhila rectlon ocewrred,

¢t ‘The maotor vehlele must bo op-
erated oh o hlighwey having n posted
spheed imit of morg than 15 mph (563
kphs,

(lv) The sound level measurcinent
must be minde while the motor venlelo
15 operating ol Lthe posted speed limil,

[FIt Doc,56-21086 Fllod 9=11-975,6:46 am|

{49 CFR 225.930m] 20
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APPENDIX B

Analysis of tha DOT Data

B.1 DATA NORMALIZATION FOR TOPQGRAPHIC DEVIATIONS

This appendix documents tha procedure used to determine the hard-soft
correction factor, A H/s? using the truck noise level passby data from Reference 1,
These data were collected at various sites featuring different topographic elevation charac—

teristics, As a consequence, the data was normalized to reflect a standard microphone

height obove the roadway prior to the A H/s analysis.

B.1.1 Identification of Data Trends

Individual passby noise levels were first arithmetically averaged ot each site
for the nine combinations of truck type and operational mode, These levels were further
divided into hard and soft site classifications which gave a total of 18 combinations of
data groupings for the controlled passby test. The influence of topographic deviations
upon the measured noise levels was initially identified by observing trends of noise level
plofred against ground elevatian at the 15 meter (50 ft) microphane relative to the road.
A definite trend was apparent in that noise was attenuated as the ground sloped downward
and away fram the readway and that noise levels increased for the one site with a pesitive
clevation change, Observation of the transient fleet passby data indicated topographic

effacts that were caonsistent with the controlled passbys.

No further generalizations were extended to acoustical effects from topographic
deviations at microphone lotations less than or greater than 15 meters (50 ft). Sucha
generalization can only come after careful analysis of each microphone to source orfenta~
tion, Similorly, moving the microphone up and down at one distance cannot be expected
to influence the noise in the same manner ds changing the ground elevation. Although
no definite reasons were given For these variations in the noise levels from topographic

deviations, it wos felt that as the ground sloped downward away from the road, the

B-1
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shoulder effectively Increased source shielding, and the grazing angle of the vehicle
with the ground surface decreased. The increase in measured noise level for the case
of the ground sloping up was attributed to the reversal of these effects plus more

complex phenomena which eould not be specifically identified.

B.1.2 Procedure to Normalize Data |

The data analysis performed by DOT was based on the assumption that noise
level variations were the same when the microphone was moved up or down as when the
ground elevation was increased or decreased, DOT made corrections to the actuol
measured levels in proportion to the ocoustical variation recorded in the vertical array
of miérophones that were positioned equivalent to 1,2 meters (4 ft) abave the roadway.
Whereas the DOT procedure may possibly yleld corrected levels close to the exact values,
a different approach was utilized for this report.

The procedure taken to normalize all data followed the steps listed below:

1. Calculate the 18 sets of linear regression coefficients for noise level
versus relative ground elevation using the controlled passby data in
Tables B«1, B2, and B~3. These 18 cases were broken down by

truck type, operation mode, and site classification,

2. Calculate the two sets of linear regression coefficients for noise level

versus ground elevation using the transtent fleet passby data in Table B-4.

3. Normalize the 20 linear regression curves from steps 1 and 2 above by
shifting each set of data the amount required to make the zero slevation
intercepts coincide. Note that both hard and soft curves are normalized
together.

4. The noise level deviations relative to the zero elevation intercepis are used
to establish one generalized linear regression-fit curve. The coefficients and
standard error for this curve, which were calculated using all the data for the

20 previous curves, shifted the apprepriate omount.

B2
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Table B-1
Summary of Average Noise Level for Each Truck at Each Site
for the Acceleration Test Mode

Linear Regression Curve Coefficients Are Given by A ond B
for Each Truck and Surface Condition

e Mot Lo = 1+ [ ot Miphre]
Hard Sites Soft Sites
Site Noise A 8 Site MNoise A B
Truck [ Number | Cevel, dBA H H [[Number | Tevel, dBA S [
IH 843 1 84.3 2 83.9
3 84.3 4 84.0
] 86.2 85.6 | 0.66 5 82.5 84,0 40,36
7 85.7 (Lane 1)
5 83.3 8 81.8
{Lane 2) ¢ 85,0
10 82.9
IH B&& 1 B4.9 2 82,3
3 84.9 4 82.8
5 82.9 B5.1 10,44 5 82.4 83.110,27
(Lane 2) {Lane 1)
6 84,7 8 80.8
7 B4.6 9 83.5
10 83.3
IH 394 1 88.8 2 B4.9
3 87.5 4 86.3
5 87.5 g7.1 |0.53 5 86.1 86.9 | 0,0012
(Lane 2) {Lane 1) :
6 No Data 8 88,0
7 89.0 9 a7.8
10 86.2
B-3
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Table B-2

Summary of Average Noise Level for Each Truck at Each Site
for, the High Speed Power-By Test Mode,

Linear Regression Curve Coefficients are given by A and B
for Each Truck and Surface Condition

Where Noise level = A + B [

Elevation of Ground at Microphone
Relative to the Road, Feet

] o

Hard Sites Soft Sites
Site Noise A B Site Nolse A B
Truck || Number | Cevel, dBA H H |l Number | Tevel, dRA S 5
3 92.4 2 89.2
6 ?1.9 921.3 | «.43 4 0.5
IH 843 7 ?1.6 5 87.3 90.6 | 0,58
8 87.5
9 92,6
10 89,2
3 90.3 2 88.0
6 211 21.5 | 0.44 4 88.7 _
IH 8&6 7 20.9 5 87.6 88.92 | 0,45
8 85.6
9 20.1
10 88.2
89.3 2 84.6
6 Ne Data | 90,9 | 0.63 4 85,7
IH 394 7 90.3 5 B7.4 86.4 | 0.27
8 83.7
9 87.1
0 84.8
B_-4
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Table B~3

Summary of Average Noise Level for Each Truck af Each Site

for the High Speed Coast-By Test Mode

Linear Regression Curve Coefficients Are Given by A and B
for Each Truck and Surface Condition

i

Where Noise Level = A +B [Elquéiz?is: .grﬁﬁ:d'z:;dl:m;;thone]’ dBA
Hord Sites Soft Sites
Site | _Noisa [ 8 Site | . Noise |, [,
Truck (| Number | Level, dBA H H |Number | Level, dBA S 5

IH 843 B8.3 2 87.4
B9.7 91.1 | 1,08 4 88.6

20.2 5 86.0 89.110,75
8 84.5
9 ?1.5
10 87.4
IH 864 3 87.6 2 86.6
' 6 89.3 20,4 | 1.0? 4 86.7

7 89.3 5 84.5 87.4 {0.57
8 84,1
9 89.4
10 86.5
IH 394 3 82,5 2 80,1
6 No Data | 82.8 | 0.13 4 80.8

7 82,7 5 79.7 81.5(0.38
8 80.0
9 83.5
10 80.3

B-5
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" Where Noise Level =A +8 [E

Transient Fleet Passhy Test
Liru;ctr Regression Curve Coefficients are given by A and B For Fach Truck and Surface Condition

Table B-4

Summary of the Average Nolse Level For Each Site For the

levation of Ground at Micraphen

Relative to'the Road, Feet

3, e

. HARD SITES SOFT SITES
Noise Noise
Site Site
Level A ] Level A B
Number dBA ' H H Number dBA' S s
87.0 2 B5.9
88.3 892.6 11.01 4 86.8
7 88.8 5 B4.3 8
, 6. 0.
8 80.9 ] 35
9 86.2
10 Bs.3

B-6



The results of this hormalization scheme are given below, with numbers corresponding

: T-I to the four steps in the procedural analysis:
P
T 1. Linear regression coefficients for the 18 sets of controlled passby
= data are given in Tables B~1, 8-2, and B-3.
[ ]
l‘ 2, Linear regression coefficients for the two sets of transient Fleet
passby data are given in Table B~4,
=
[
t 3. Data wete shifted over o range of 10,6 dB to normalize topographic
-t deviations, The 10,6 dB spread was due to changes in the noise from
Ll
P truck type, operational mede, and site classification.
M 4, All normalized data are plotted in Figure B-1. Values of the important
[y
parameters are:
o
fha C = -0.082dB
; . D = 0.418dB/ft Elevation
iy I:j Standard Error = 0,96 dB
b Number of Data Points = 93
where;
- -
t ; . Elevation of Ground
by =
i Noise Level Correction =C +D [Relative to the Road, Feet]' dBA
T L)
I s | This noise level correction should be subtracted from the measured noise at
IE.:;. 1 15 meters (50,ft) from the center of the vehicle lane, using u microphone
™ 1.2 meters (4 ft) above the ground.
:‘ [ i It was considered that this single generalized curve was an adequate representa-
L - ]
y tion of an average topographic correction to the data, This reasoning was supported by the
13
; " fact that the standard error did not exceed 1 dB. It is worthwhile to note that trucks whose
T J .
; noise levels were dominated by the tire component were more drastically affected by a
! ' ' sloping terrain than trucks for which the tire noise component was a secondary factor, This
E - trend was not quantified because the sample size was too small to substantiate a well-defined
: ’; correction factor.

il
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Linear Regression

42 i-

-
Standard Error
of Data _
-5 _
b l ] L l ! ! J ) ! -
-7 =5 -5 -4 3 -2 -1 0 +1 +2 +3 4
2 -1 feet ? +]
L | |

meters

Difference in the Elevation of the Ground at the Microphone
Relative to the Elevation of the Roadway

Figure B~-1, Noise Level Correction for Topographic Deviations at the
Position of the 15 meter (50 ft} Microphone.
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B.2 SURFACE CORRECTICN

B.2.} Data Calculations

The DOT data were analyzed to determine the most appropriate value of the
surface correction, AH/S' The following procedure was used to group the data into hard

and soft categories from which conclusions were drawn.

1. All noise levels were normalized for a zero difference in the relative
elevation between the roadway and microphone ground location,
Correction values given in Figure B-1 were rounded to the nearest
half decibel and are listed in Table B=5 for the 10sites,

2. For each combinaticn of truck type, truck operation mode, and site
classificotion, the average of the noise levels and the standard deviation
was caleulated. Those 18 calculations only pertained to the controlled

passby test.

3. For corresponding combinations of the data parameters in step 2 above,
the difference in the noise level between hard and soft surfaces was

H/S' are tabulated in Table B-6.

4, For each operationai mode, the values of AH/S previously caleulated

determined. These nine values of &

in step 3 for the three truck types (welghted for the number of samples
per truck type) were averaged. This gave a value of 4 H/S for accelera-
tion, power-by, and coast-by operations os indicated in Table B-6,

5, For each of the site classifications of the transient fleet passby test, the

average of the noise levels and the standard deviation was computed.

6. The hardesoft correction factor, & H/s! for the transient fleet woas deter~
mined by using the levels averaged in step 5, A summary of the transient

fleet data is given in Table B-7.

B9
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Table B-5

Topographical Correction Used to Nermalize Elevation Differences Between

the Roadway and-the Microphone Ground Pesition

Ground Elevation at 15 Meters (50 ft) Topographical
Site Number Relative to the Road, meters {ft) Correction, * dB
1 0.0 (+0,0) + 0
2 ~0.8 (-2.5) ~1.0
3 «0.8 («2.6) ~1.0
4 «0,2 (~0.,7) + 0
5
(Lana 1) -1,2(-3.8) ~1.5
5
(Lanﬂ 2) -].0 ("‘3-2) -115
) =0,3(-1.1} =0.5
7 ~0.3(-1.0) -0.5
8 2,0(=6.4) ~2.5
9 +0,9 (+3.1) +1.5 .
10 ~0.5(~1.5) -0.5
*Rounded to nearest 0.5 dB.
B-10
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. Table B-4
Summary of Calculated Values of AH/“ for Each Truck Type and

Operational Mode Encountered in the Controlled Passhy Test

for topographic deviations.)

{Standard deviation for each surface condition is referred to by ¢ and the number of vehicle pass-
bys by n. All noise levels used to calculate the mean noise Tevels here have received corrections

1H 843 1H 846 IH 394
Noise
Leval, 86.4 85.1 89.0
Acceleration Hard dBA
Test Sites o /n 0.74/19 0.45/21 0.78/15
Mode Noise
[evel' 84.0 831] 8706
Soft dBA
Sites «/n 0.61/18  10.71/15  |1.53/18
Mean AH/S=2.0dB AH/S 2.4 2.0 1.4
(weighted for n)
Noise
Leve[' 92.6 9]-4 90.6
High Speed Hard dBA
Power-~By Sites ‘& /n 0.75/9 0.48/9 0.77/5
Test Mode Noisa
evel, 90.1 88.7 86.3
Soft dBA :
Sites o/n 0.9/17 0.33/17 1.45/16
Mean AH/S=3.1 dB L\‘H/S 2.5 2.7 4.3
{welghted for n)
Noisa .
Level, 20.1 89.4 83.4
High Speed Hard dBA
Coast-By Sites a/n 0.68/12 0.93/9 0.47/6
Test Mode Noise
Level, 88.5 86.9 81.4
Soft dBA
Sites o/n 1.18/15 0.73/17 0.72/17
Mean AH/S=2.DdB . A H/S 1.6 2.5 2.0
{weighted for n}
B-11
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Table B-7
Summary of the Calculated Value of 4 H/S for the Transient Fleet Passhy Test
(Standard deviations are referred to by 0 and the number of passhys by n)
Site Surface Average MNoise Level Relative Elevdtion, Topo Corrected Average
Number | Condition n | Without Topography Correction, meters (ft) Cogrgg- Noise Level, dBA ¢
U dpA d8 dB
3 Hard 29 87.0 -0.8(-2,6) -1.,0 88.0 2.6
é 36 88.3 -0.3{~1.1) -0.5 88.8 3.1
? Y 42 88.8 -0.3(-1.0) -0.5 8%.3 2,9
2 Soft ik 85.9 ~0.8 (-2.5) 1.0 86.9 3.0
4 37 86.8 -0,2{-0,7) 0 86.8 3.0
P 5 44 84.3 -1.2(-3.8) -1.5 85.8 2.8
~ 8 34 80,9 -2.0(-6.4) | -2.5 83.4 4.0
9 49 84.2 +0.9 (+3.1) +1.5, 84.7 3.0
10 Y 51 86,3 -0.5(~1.5) -0.5 86.8 2.7
Composite Values: Hard Overall Average Noise Lavel = 88,8 dBA
g = 2.9d8
§ n= 107 \, -
g ; AH/S 3.24d8
" Soft Overall Avarage Neise Level = 85,6 dBA
N o= -3.1dB
1
] n = 226
5 /
q
3
-
n
N



